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SUMMARY 

An investigation  of  the  effects  of  separation  vortex flow on the 
downwash, sidewash, and wake character is t ics  behind a 47.5' sweptPack 
wing having,  kymmetrical c i rcu lar -a rc   a i r fo i l   sec t ions  .has been  conducted 
in  the Langley ful l -scale   tunnel  a t  a Reynolds number o f  4.3 x 10 and 
a Mach number of 0.07. Three configurations were investigated  through 
a large  angle-of-attack  range: namely, the  basic wing, the wing with 

plain  f laps  and full-span drooped-nose flaps  deflected 40°. Charts 
showing vectors-of  doikwashan3-sidewash  angle and contours  of dynamic- 
pressure  ratio are presented  for  three  longitudinal  distances  behind 
the wing which cover  the  range  of  possible  locations of the empennage-. 
The spanwise d is t r ibu t ion  of vorticity  along  the  trail ' ing  vortex  sheet 
has been determined from line integrations  of  the downwash and sidewash 
data.  Integrations of the data have a l so  been made t o  determine the 
variations w i t h  angle of attack  of'  average downwash angle and dynamic- . 
pressure  ratio  for a horizontal t a i l  assumed t o  be located a t  several  
heights above and below the chord  plane.  Calculations  of  the downwash 
behind the w t n g  in the  plane  of symmetry  and a t  0.28 semispans from the 
plane of symmetry, based on l i f t i n g   l i n e  methods and ut i l iz ing  experi-  
mqntally  determined span load  distributions,   are compared with the 
experlmental downwash. 

6 

. full-span drooped-nose- flaps  defiected bo, and the wing with semispan 

! ' The resu l t s  show that  the  separation  vortex has a  large  effect  on 
the flow inclination, wake, and spanwise dis t r ibut ion  of   vort ic i ty  
behind the  basic wing configuration. The delay  in  the  formation  of  the 
separation  vortex  to  high  angles  of  attack caused by drooped-nose flap- 

vorticity  across  the wing  semispan. 
. deflect ion  resul ts   in   a  smoothly varyhg  dis t r ibut ion  of  downwash and 

. 
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The variations with angle of attack of average downwash angle 
and average dynamic-pressure ra t io   ind ica te  that the most desirable 
horizontal-tail   location would be below the chord  plane  extended f o r  
a l l  configurations Fnveet-lgated . 

The correlation between the measured and calculated downwash indF- 
cates that the  actual  ra-th&-thaxi the- theoret ical  span load  dis t r ibut ion 
should be used to   calculate '  the downwash behind  wings of this tJrpe. 

INTRODUCTION 

The phenomenon of  separation  vortex flow has been  observed at- low 
" 

speeds on sweptback wings at high angles of attack and has been sham 
to  great ly   inf luence the aerodynamic charac te r i s t ics  of these wings. 
The sweptback wing considered in t h i s  paper presents a special   case of 
the separation  vortex flaw because-of the sharp  leading-edge .airfoil 
sections  of the wing. Figure 1 shows the vortex represented  schemati- 
ca l ly  by a ribbon on one wing  semispan and the corresponding  pressure - 
dis t r ibu t ion  on the other wing  semispan  (.reference 1). Because of the 
sharp leading edge, the separation  vortex  existed a t  very low angles of  
attack, and the opportunity was taken t o  measure the flow f i e ld  behind 
the wing and thus  determine  the  influence of the separation  vortex on 
the downwash and wake characteristics  throughout the angle-of-attarrk 
range. Moreover, since the span load  distribution had been measured 
previoualy  (reference I), t h i s  actual span loading was used i n  the cal- 
culation  of the downwash for  comparison w i t h  the measured downwash. 
Although the flow  se@rat.ion f o r  the  subject wing with the sharp ,leading 
edge represents  an extreme case, it is  useful  in i l l u s t r a t ing   t he  
e f f ec t s  of the  separation-vortex  type af  flow. The f l o w  character is t ics  
of the subject wing are believed t o  represen-mlitatively  those t a  be 
obtained  for  highly sweptback  wings having thin convent ional   a i r foi l  
sections w i t h  correspondingly small 1eadbgAdge radii. 

. -  
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The investigation  included measurements--at a Reynolds number of  
4 . 3  x lo6 and a Mach number of 0.07 of the downwash angle, aidewash 
angle, and dynamic pressure i n  a vertical   plane a t  three longitudinal 
distances behind the w i n g  which  cover the range" ps s ib l e  locations 
of an empennage. The configurations tested through  large  angle-of- 
attack range  include the basic w i n g  (flaps neutral) ,   the  wing with full- 
span drooped-nose f l aps  deflected h0, and t l i i i n g  w i t h  fu lLspan  
drooped-nose flaps- and- inboard  semispan plain  f laps  deflected 40°. 

. .. . 
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COEFFICIENTS AND SYMBOLS 

CL 

cm 

P 

S 

C 

cav 

b 

P 

PO 

V 

P 

q t  

Y 

C '  

C 

lift coefficient  (Lift/qS) 

pitching-moment coefficient  (Pitching moment/qST) 

- -  .. . . . 

span loading  coefficient 
. .  . .  

pressure  coefficient 
( p  9 

section l i f t  coef f ic ien t  

3 

angle of attack of wing root  chord, degrees 

free-stream dynamic pressure, pounds per square  foot 
. . -. " . - 

wing area, square feet 

loca l  chord, feet 

average  chord, feet (S/b) 

wing span, feet 

loca l   s ta t ic   p ressure ,  pounds per square  foot 

free-stream static pressure, pounds per square  foot 

free-stream velocity, feet per second 

mass density  of air, slugs per cubic ?oat 
l o c a l  stream dynamic pressure, pounds per square  foot 

lateral  distance from plane  of symmetry, feet 

chord  perpendicular t o  line of m a x i m u m  thickness, feet 

mean aerodynamic  chord  measured p r a l l e l  t o  plane of symmetry 

(8.37 ft)  ( g J  0 b/2 c2dy) 



4 - 
6 loca l  downwash angle, degrees 

Q loca l  sidewash  angle, inflow positive, degrees 

qt/q r a t i o   o F l o c a l  stream dynamic pressure  to  free-stream 
dynamic pressure 

r vorticity,   square  feet  per second 

Integrated  air-stream survey6 : 

(qt/q) av average qt/q, obtained by 

Eav average E ,  obtained by 

where .. 

C t  chord of tail, fee t  

b t  span o f t a i l ,  feet 

S t  area of tai l ,  square feet 

yt  . spanwise dlstance, feet 

dc,,/da rate of change of caV with angle of attack, per degree 

MODEL AND APPARATUS 

Model 

me-geometric  characterist ics of the wing are given in figure 2. 
The wing has an angle of sumpback 0 r - 4 5 ~  at  tk-quarter-chord  l ine  or  
47.5O sweep a t  the leading edge, an  aspect ratio of 3..5, a taper   ra t io  .. 

of  0.5, and has no geometric dihedral or  t w t s t .  The a i r fo i l   sec t ion  of 
the wing is a symmetrical,  10-percent-thick,  circular-arc  section 

: - -  
. " 

.. 
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perpendicular  to  the  50-percent chord l i ne .  The wing was constructed 

of - inch aluminum sheet  reinforced by s t e e l  channel spars. The wing 

construction i s  extremely r i g i d  and it is believed that no deflections 
of an appreciable magnitude occurred dur ing  the tests. 

4 

The wing is  equipped with full-spas drooped-nose f laps  and inboard 
semispan plain  f laps  which are 20,percent of the chord measured per- 
pendicular to   the   l ine   o f  m a x i m u m  thickness. These f laps  are pivoted 

deflected, produce a gap on the upper wing surface which is covered and 
faired with a sheetmetal seal. The drooped-nose  and  semispan plain 
f laps  are deflected 40' measured normal to  the  hinge line. 

, on piano  hinges mounted flush  with  the lower wing surface and, when 

Apparatus 

The experimental  arrangement is i l l u s t r a t ed   i n   f i gu re  3 which 
shows the wing mounted in the Langley full-scale tunnel with  the survey 
apparatus  behind it. A photograph  of the five-tube  survey  rake i s  
shown in  f igure 4, and details   of  the combined pitch, yaw, and dynamic 
pressure  tube are given in figure 5.  The five-tube  survey  rake had 
been previously  calibrated  through a wide range  of  pitch and y a w  angles. 
The survey  apparatus  maintained  the  five-tube rake ve r t i ca l  as it was 
moved l a t e ra l ly .  In the low and moderate pi tch and yaw angle  range 
the downwash and sidewash  .angles are accurate  to  within  about  f0.250J 
ana the dynamic pressure measurements are accurate  to  within  about 
+1 percent. The accuracy of measurement i s  decreased somewhat i n  the 
high  angle  ranges. 

TESTS AND CORRECTIONS 

Tests 

The tests were made through an angle-of-attack  range from about 30 
t o  26O at  a Reynolds number of about 4.3 x 10 6 based on the mean aero- 
dynamic chord and at a Mach number of 0.07. A t  each  angle  of  attack 
the  pressures  acting on the combined pitch, yaw, and dynamic pressure 
tubes were measured on a multiple-tube manometer and photographically 
recorded. These measurements were made i n  a v e r t i c a l  plane a t  three 
longitudinal  distances  behind  the wing (O.gaF, 1.425FJ and  1.925'F 
from F/4). In each ve r t i ca l  plane  the  survey  points were s p c e d  1 foot 
in   the spanwise direct ion and 6 inches in   the   ver t ica l   d i rec t ion .  Fig- 
ure 6 shows the  longitudinal  location  of  the  .vertical  survey  planes as 
w e l l  as the spanwise extent  of  the  surveys. The extent  of  the  surveys 
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in   the   ver t ica l   d i rec t ion  was from 6 f ee t  above t o  @= feet below the 2 
chord plane  extended.  Inasmuchas a l l  tests were made a t - O O  yaw, the 
surveys were made behind the l e f t  wing semispan only. 

Corrections . . - -- - 

A l l  the data have been corrected  for the blocking  effects and fo r  
the air-stream misalinemen- Surveys of the downwash i n  the ' jet  w i t h  
the wing r e m m d  were made a t  the 0.9m and 1.92535 survey  planes and 
were located  vertically on the tunnel  center  line and fo r  a lateral 
range which  covered the wing semispan. From these surveys an average 
value of downwash angle was obtained a t  each survey  plane and was 
applied as a constant  throughout the ver t ical   range.of  the surveys. 
There is  some question as t o  the. va l id i ty  of  applying  such  corrections 
to  the data since it is not knm how accurately these corrections  apply 
t o  the en t i r e  flow field covered  by the surveys. No corrections have 
been applied  to the lift data fo r  the tares  and interference due t o  the 
w i n g  supports, inasmuch as tare tests showed these   e f fec ts   to  be negll- 
gible. The angles of  attack h a m a l s o  been corrected for  jet-boundary 
e f fec ts .  The air-stream  survey data have been corrected  for  jet-  
boundary effects  which-consist o f  an angle change. to   the  downwwh as 
given below : 

Longitudinal  survey A€ 
locat-lon ( d e d  

0.925'd 
-2.43c, 1.4m 
- 2 . 0 6 ~ ~  

1- 9 2 F  -2.59c, 

The jet-boundary  corrections were determhed  by the methods given in 
reference 2. A study of the experimental damwash-correction data pre- 
sented i n  reference 3-indicates that this theoretical  jet-boundary 
correction would be adequate  for the range of the present.-surveys. 

PRESENTATION OF DATA 

The downwash and wake r e su l t s   ( f i g s .  7 -39)  are outlined  in 
table I in order  to  facil i tate  the  discussion. 
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RESULTS AND DISCUSSION 

7 

Air-Stream  Surveys 

The air-stream  survey  data  are  given in  the form of  vectors of 
resul tant  flaw angularity and contours  of  dynamic-pressure r a t io .  The 
ve r t i ca l  component of  the  vector i s  the downwash angle in degrees, and 
the  horizontal component is the sidewash angle in degrees. 

The effect   of   the  wing support   struts on the flow at   the   survey 
planes i s  Fndicated on the lower part  of  each figure by the areas of 
reduced  dynamic-pressure r a t i o  in the  region between 6 feet and 8 f e e t  
from the  plane  of symmetry. These wakes are not  considered, however, 
to  otherwise  appreciably  affect  the flow f i e ld .  The discussion  of  the . 

air-stream surveys w i l l  be concerned primarily  with  the  results  obtained 
at the  rearmost  survey  plane ( l . g S F ) ,  and the data a t  the two other 
survey  planes are included to  indicate  the  typical  progression of  the 
flow downstream from the wing t r a i l i n g  edge. 

+ Basic w i n  .- The air-stream surveys  for  an  angle  of  attack  of 2.9' 
(fig..  12 show a well-defined wake region, and the   t ip   vor tex  is  weak 
but   c lear ly  evidenced by the  clockwise  rotation  of  the  vectors in  the 
t i p  region. The l i n e  of . intersection  of  the  trail ing  vortex  sheet  with 
the  plane  of  survey (where there  is an  abrupt change from a general 
inflow t o  a general  outflow) coincides roughly w i t h  the wake or  meas- 
ured region  of least dynamic-pressure r a t io .  A t  t h i s  low angle  of  attack 
the  previous flow studies and pressure-distribution measurements of  the 
wing (reference 1 and f i g .  8) show evidence of  flow  separation a t   t h e  
outermost  spanwise s t a t ion  (0.80b/2) . 

Increasing  the  angle  of  attack  to 6.6O ( f ig .  13) resu l t s   in   l a rger  
values  of downwash angle  (in  general  about 7 O  in the  region above the 
chord  plane  extended), and the  t ip   vortex is seen t o  be stronger  than 
for  the  previous  angle  of  attack. The flow studies  and pressure dis t r i -  
butions  (fig.  8) a t  this   angle   of   a t tack show that the  separation  vortex 
has formed along  the wing leading edge but  that   the chordwise extent 
of  flow separation is much greater a t  the  t ip.   Inspection  of  the con- 
tours of  dynamic-pressure r a t i o  shows a narrow region  of reduced dynamic 
pressure which extends  about 2 feet  inboard  of  the wing t i p  and which, 
presumably, reflects  the  influence of  the t ip   separat ion.  As was noted 
for  the  previous  angle  of  attack,  the  trailing  vortex  sheet is located 
roughly in the wake region  indicated by the  contours  of  dynamic-pressure 
rat io .  

A t  an  angle  of  attack  of 10.2O, the  results  of  reference 1 show 
that the 0.80b/2 s ta t ion  has attained maximum l i f t ,  b u t  the  rather f la t  
chordwise pressure  distribution measured at that s t a t ion   ( f ig .  8) 

I " . - 
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indicates that the separation  vortex has been shed off   the  wing t r a i l i n g  
edge somewhat inboard  of  this  point. Outboard of 0.80b/2 the flow 
studies  indicated complete stall:.  The-influence of the sepaa t ion   vor tex  
is c lear ly  evidenced Tn. the- air-s€reEun -SUrVeyS-by -the somewhat confused-. 
d i s t r ibu t ion  of  both wake and vo r t i c i ty  in the  region  near  the wing t i p .  
(See f i g .  14.) The large uneymmetrical region  of  reduced dynamic- 
pressure  ra t io  which extends. abaut 4 .%e.eLInbaarLof  the wing t i p   i n d i -  
cates  that the  separation and t i p   v o r t i c e s  have merged in to  one large 
dist-orted  vortex. The  downwash angles on the Inboard  side  of  the  sepa- 
ration  vortex attain values of 20°, whereas  on the  outboard  side  the 
sidewash  angles  are  about 120. The location of the trailing vortex 
sheet i s  not  clearly  defined  but  appears to be located  about-2.25 feet 
above the chord pme-gxtended. The contours of dyhamic-pressure r a t i o  
are i n  good agreement with  this   locat ion for the wake only fo r  the region 
near  the  plane of syiniiiietry-." 

The lfne  of  intersection of the trai l ing  vortex  sheet   with  the 
plane of- survey is not5 d e a r l y  defined -from the v c t o r  fields of  dam- 
wash and sidewash. This d i f f i c u l t y   r e s u l t s  from the  spanwise  flow of 
the  boundary-layer air  toward the   t i p s   pecu l i a r   t o  sweptback  wings. 
This  outflow is part . icularly  strong on the upper-wing surface. Accord- 
ingly, the main discont inui ty   in  spanwise component occurs  near  the  top 
of the wake (where the vectors above the wake point inward and those a t  
the  top of the wake point  outward)  instead of near the   cen ter -of ' the  
wake as for  unswept wings. The apparent  locat-fun o f  the t ra i l ing   vor tex  
shee% therefore,  does  not always agree with  the  location  of  the wake 
center   l ine as determined fYom the dynamic-pressure measurements. This 
e f f e c t - b x h a r n  more clear ly   in   the  surveys made c lose   to   the  wing 
t r a i l i n g  edge.  (See f ig s .  15 and 16.) 

Increasing the angle of a t t ack   t o  14' causes  the  core of the s ep -  

from the plane of  6metry ( f ig .  17). The corresponding span load d i s -  
t r ibut ion  of   the wing ( f ig .  9 )  ehovs an  increase i n  loading a t  the 
40-percent s t a t ion  and a large  decrease in loading  outboard of  the 
70-percent  staf,ion  associated  with the s t a l L o f   t h e  wing outboard  of 
t h i s   p i n t  .-. As fur ther  shown in   the upper half of f igure 17 there is 8 

region  of  negative  vorticity  indicated a t  about 12.5 f ee t  from the  plane 
of symmetry and about 3 f ee t  above the chord  plane  extended. As shown 
by the  contours of dynamic-pressure r a t io ,   t he   t i p   vo r t ex  and the  sepa- 
ration  vortex  each  maintains its Identity,  and there is a region of rel- 
a t ively  high dynamic-pressure  rat-ltr-between the two t r a i l i ng   vo r t i ce s .  
Although s ta l led ,   the  .tip. region is s t i l l  contributing  to  the l i f t  of the 
wing. It Fs in te res t ing   to   no te  a t  this   re la t ively  high  angle   of   a t tack 
that the measured wake is very weak ror   the inboard 50 percent of the 
span. The location of the inboard  portion of the   t ra i l ing  vortex  sheet  - 

is not  clearly  defined  but a p r s  t o  be located  about 2.75 f ee t  above the 
chord  plane  extended,  and, therefore,  i t s  Location is on about  the same 

' ration  vortex  to be swept farther  inboard. to- about 9.5 f e e t  (or 0.64b/2) 

c 
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. 
l eve l  as the center  of  rotation  of  the two t r a i l h g   v o r t i c e s .  Appar- 
en t ly  the character is t ic  curved or channel-shaped cross  section  of the 

well above the middle region, does  not ex i s t  behind the present swept- 
back wing. The reason may be that the   t ip   vor t ices   o f  sweptback  wings 
leave  the wing i n i t i a l l y  a t  a level  considerably below that of  the wake 
from the  root  sections. 

- t ra i l ing  vortex  sheet   far  behind unswept wings, wi th   the   t ip   vor t ices  

A t  the highest  angle  of  attack  investigated a = 18' ( f ig .  18) the 
core of the  separation  vortex has moved inboard t o  about 0.60b/2, and 
in  this region the span load  distributions show the greatest  decrease 
in loading as comwred with that obtained a t  a = 14O. The separation 
vortex and t i p  vortex have increased  in  intensity, and downwash angles 
of over 3 5 O  and  sidewash angles  of  over 20° are measured around the 
separation  vortex. The negative  vorticity between the two t r a i l i n g  
vortices i s  again indicated  but the f low-field is more confused  than 
that obtained a t  a = 1 4 O .  More than half of the  outboard  semispan i s  
affected by the reduced  dynamic-pressure ratio  region  of the two vortices,  
but the wake is  weak over  the  inboard 40 percent  of  the semispan. The 
location  of the trail ing  vortex  sheet is very   d i f f icu l t  t o  determine, 
and again the surveys - --- .. made . - closer - _" . t o   t he  wing ( f i g s .  19 and 20)  show 
the  effects  of  the spanwise  flow  of the boundary layer on the wake shed 
from the wing t r a i l i n g  edge. A t  this angle  of  attack the lift coeffi-  
cient is 0.80 which is  92 percent  of  the maximum l i f t  coefficient;  how- 

shift  of  about 0.1% as compared with the  lower-angles  of  attack. There 
i s  therefore a question as t o  whether t h i s  i s  a f lyable   a t t i tude .  

- ever, the pitching-moment data ( f ig .  7) indicate  an aerodynamic center 

Effect  of drooped-nose flap  deflection.-  The marked  improvement i n  
the flow  over  the wing due to  the  delay in the  formation  of the separa- 
tion  vortex caused  by  drooped-nose f l a p  deflection, shown in reference 1, 
i s  ref lected  in   the air  flow measurements behind  the wing. (Compare 
f ig s .  21 t o  25 w i t h  f i g s .  13 t o  18.) A t  the lower angles  of  attack the 
downwash distrib'ution a t  a given  height varies gradually  across the w h g  
semispan except,  of  course,  near the wing t i p .  The  downwash f i e l d  
obtained is a r e s u l t  of a more uniform distribution  of  loading  over  the 
wing as compred with that obtained  for  the  basic wing. A s  shown i n  
figure 10, the  load  distribution approaches the calculated  theoret ical  
additional  loading based on the  potential-flow method of  reference 4. 
The t i p  vortex i s  weak but  clearly  evident  for  angles  of  at tack of 14.4' 
and 18.2O (figs.   21 and 23), and the loss in dynamic-pressure in the 
wake is small. The wake center   l ine a t  the midsemispn  stations is  
located above the chord  plane  extended a t  about 1.50 feet fo r  a = 14.4', 
2.25 feet f o r  a = 18..2O, and 4.00 feet for  a = 22.0°. The pressure 
dis t r ibut ion measurements (reference 1) indicated the presence  of the 
separation  vortex a t  11.4 f ee t  from the plane of symmetry (0.80b/2) a t  
a = 22.0°, and th i s  r e su l t  is indicated by the region  of reduced dynamic- 
pressure   ra t io   near   the   t ip  in figure 24. The previous  pressure 

- 
m - 
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distribution rnmTiF~FmFnt6 fur ther  showed that the separation  vortex 
covered the en t i r e  w i n g  outboard of the 20-percent s ta t ion  a t  a = 25.8'. 
 he data from the present  invesHmtion at-= 25.80 (not shown) 
showed that the  influence of the  separation  vortex extended from about 
50 percent of  the-semispan  outboard  to the t i p  and induced downwash and 
sidewash angles beyond the  calibration of the  survey  rake. ( E ,  u > bo) 

= .. 

.. 

. "" 

Effect  of combined drooped-nose arid plain flap deflection.- Deflec- 
t ion o f  the semispan plain flaps.  i n  c o m b i n a t m i t h  the drooped-nose 
flaps produces wak&pa%*&rns quite   different  from those  obtained with 
the drooped-nose flaps  deflected  alone. (See f ig s .  26 tu 28.) A t  an 
angle  of  attack o f  8.3O the low total-pressure  region behind the semi- 
span pla in   f lap  is  clearly  evident and is confined t o  the Fnboard semi- 
span region; however, w i t h  increase in angle  of  attack t o  15.g0 ( f i g .  .27) . ~ 

the wake fYum the plain f laps  i s  shifted  outboard and lies between 

- - .  

- 

. -  

.. 

0.35b/2 and 0.70b/2 from the  plane of symmetry. The damwash and s ide -  
wash fields ' for these two angles of s t tack  show the effect   of the 
drooped-nose f laps  i n  preventing the folPlation.of the separation  vortex, 
bu t  there is an  increase in downwash in the inboard  spanwise  stations 
as compared w i t k t h e  outboard stations  associated with the influence o? -- 

the semispan plain flaps. A t  the highest  angle of attack investigated 
(a = 2l.5'), however, the  separation  vortex h a s  %ail& off the wing a t  
about 10 fee t  from €he plane of symmetry (or about 0 .'/Ob/2) , and the f lw 
field is similar t o  that obtained  for the basic wing a t  high angles 0.f 
attack. As shown i n  figures 26 t o  28 there is  no evidence  of a concen- 
trated vortex  being shed from the t i p  o f  the plain.flap, a re su l t  which 
may have been expected on the  basis  of.past  experience w i t h  unswept wings. . 

The resu l t s  of figures 26 to 28 are, hhever,  in agreement with the 
smoothly  varying  spanwise load distributions.  near  the  flap-tip  region. 
(*e f i g .  11.) 

.". " 

Distr ibut imrof   Vort ic i ty  

As discussed in reference 5 it is possible t o  determine  the span- 
wise dis t r ibut ion of vorticity  along the t ra i l ing  vortex sheet-by 
integrating the tangeatfal  compnent of t& veloci ty  along  the boundary 
of..a  closed  area  of -the plane of  survey. The quantities  integrated. are 
VL s i n  c d r  -along the ver t ica l  sides and VL sin cr dr  along the hor.& 
zonta l  sides, where E and CY are the  experimentally determined d m -  
wash and sidewash angles, VL is the local airspeed, and dr is the 
length o f  the side.  Such integrations have been made for  pertinent  angles 
of attack  for the three mfigurat ions  invest igated,  and the resu l t s  
are given i n  figures 29 arid 30.. In  generai, the integrations were made 
around one-foot-square  blocks. 

.. 

.. . - 

.. 

.. . 
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A s  shown in figure 29, the region  of m a x i m u m  vo r t i c i ty  moves 
rapidly inboard from the wing t i p  with  increasing  angle  of  attack  for 
the basic wing configuration.  Calculations show that the amount of 
vor t ic i ty  shed i n  the tip-vortex  region is  only a fraction  of that shed 
i n  the  separation-vortex  region  at the high  angles o f  a t tack.  A t  
a = 14.0° where the  trail ing  separation  vortex &nd t i p  vortex  each 
maintains its identity,  the region  of maximum vor t i c i ty  l ies between 
9 and 10 feet from the plane  of- symmetry and there is a clockwise rota-  
t ion  of  the flow field.  Between 12 and 13 feet from the plane of 
symmetry,  however, there i s  a counterclockwise  rotation  of the flow 
field associated w i t h  the negative  vorticity shed  between the t r a i l i n g  
separation  vortex and t i p  vortex.  This  negative  vorticity i s  equal in 
magnitude t o  the vor t i c i ty  shed in   the  t ip   vortex  region.  

A s  expected,  deflection  of  the  drooped-nose-flap  results  in  a more 
normal dis t r ibut ion of vo r t i c i ty  such that the  region  of maxFmwn vortic- 
i t y  (and  hence ro l l i ng  up) occurs  near the wing t i p .  (See f i g .  30(a) . ) 
The region  of maximum vorticity  also  occurs  near the wing t i p  w i t h  the  
semispan plain  f laps  deflected  in combination w i t h  the drooped-noee 
flaps for  angles  of  at tack..up  to 15.g0. (See f i g .  3O(b) .) For angles 
of a t tack greater. than 15.g0, however, the air-stream survey  charts 
indicate that the  dis t r ibut ion  of   vort ic i ty  would be similar t o   t h a t  
obtained  for the basic w i n g  a t  high angles of a t tack.  

Average Values of Downwash .and Dynamic-Pressure Ratio 

In order  to  provide  data  of a quantitative  nature which may be 
useful  for  design  purpses,  the air-stream survey data (downwash angles 
and dynamic-pressure r a t io s )  have been weighted according  to  the  chord 
and averaged by integration  across the span of a horizontal  t a i l ,  assumed 
t o  be located 2 . 0 G  behind the w i n g ,  as shown i n  figure 31. The hori-  
zontal t a i l  is similar t o  the wing in plan form, b u t  i ts l inea r  dimen- 
sions are three-eighths of those of the wing. Average values of down- 
wash angle and dynamic-pressure r a t i o  were determined f o r   s e v e r a l   t a i l  
heights  varying from 3 f ee t  above the chord  plane  extended t o  2 feet 
below the chord  plane  extended. 

the range of high  angles of attack, which is of  primary in t e re s t  
for  this low-speed investigation, the resul ts   presented  in   f igure 32 
show that the most desirable   locat ion  for  the horizontal  t a i l  i s  below 
the chord  plane  extended, f o r   i n  this position  the  lowest  values  of 
dcav/da are  obtained  for the three configurations  investigated. This 
r e su l t  is in  agreement with similar studies a t  large  scale on wings of 
42O and 520 sweepback (references 6 t o  g) . .  The  42O wing and the 
52' w i n g  with conventional  sections d id  not  have  the  separation  vortex- 
type  flow  except for  that noted a t   t h e   t i p s  of  the 52' wing a t  high 



angles  of  at tack. The low t a i l  position,  therefore,  appears-to be most 
desirable fo r  wings with  e i ther  type of flow.  Stabil izing  effects  are 
also  indicated  for.  Tocations above the  chord  plane  extended  for  the 1 

basic wing, for   the  high t a i l  location  with drooped-nose flaps  deflected,  
and on the chord plane  for  the drooped-nose and semispan plain  f laps  
configuration; however, the downwash angles are considerably  lower  for 
the  locat ion below the chord  plane  extended. 

. -. 
" 

.. 

The variatim-s of average  dynamic-pressure rat io   with  angle  of 
a t tack show only  sl ight  differences among the ta t1  locations  investi-  
gated fo r  the basic w i n g  and drooped-nose flaps..  configurations. (See -- 

f ig s .  32(a) and 32(b).)  For the wing with drooped-nose f laps  and semi- 
span plain  f laps  deflected,   there i s  a large  reduction  in  (qt/q)av . .- 

at  the low angles of a t tack (below loo) for   the t a i l  locations above the 
chord plane  extended  resulting from the wake fr0 .m the semispan plain 
f laps .  (See f i g .   3 2 1 ~ )  .) For  angles  of  attack above Eo the  lowest 
values of  (qt/q)av were obtained  with  the t a i l  located on the chord 
plane  extended. 

. "" - 
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Correlation  with Theory 

General met-hods for   predict ing  the downwash and wake characteris-  
t i c s  behind  unsweptwings  with  flaps  both  neutral and deflected are 
given i n  references 5 and 10, where it is  shom. . tha t , . i n .o rde r   t o  
rea l ize   sa t i s fac tory  agreement  between exper-and theory,  the  dis- 
placement of  the wake must be taken into account,  but that the  rol l ing-  
up of  the edges o f  the wake may be neglected. The aspect   ra t ios  of 
sweptback  wings, however, are Lower than  those  of  the  unsweptwings 
heretofore  considered;  therefore  there may be more roll ing-up  effect .  
On the  other hand, the  t ips   of  sweptback wings a t  angles  of  at tack  are 
much lower than  the  center  portions of the wing, and t h i s  effect would 
tend  to  make the  vortex sheet f l a t  and would tend t o  reduce  the rate of 
rolling-up. An extension  of  the  above methods for   appl ica t ion   to  swept- 
back  wings, when the assumption i s  made that the bound vortex is swept- 
back along  the  quarter-chord  line  of the wing, is given in   reference 6. 
The resul ts   of   reference 6 for  a 420 sweptback wing show that the  cal-  
culated downwash Underestimates  the  experimental downwash at the  plane 
of  symmetry but-gives  reasonable  estimates of  the  experimental downwash , 

outboard of the  plane of symmetry. Calculations of the downwash behind 
the  subject w i n g ,  based on the method6 of  reference 6, have  been made 
by ut i l iz ing  the.   exErimental ly  determined span load  distributions and 
are presented i n  figures 33 t o  38 along w i t h  the  experimental data for .  
the  three wing configurations  investigated.  Included  for comparison i n  
figure 33 are the  calculated.   ~b~nWa6h  angles based on the   theore t ica l  - . 
span load  distribution  of  the  basic wing as obtained from reference 4. 
The locations o f  the wake center lines given in figures 33 t o  38 (and 

- 
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a lso   f igs .  29 and 30) were determined from the  air-stream-survey data, 
although,  as mentioned previously,   the  intersections  of  the  trail ing 
vortex  sheet  with  the  plane  of.  survey  are  not  clearly  defined  in some 
instances. 

Downwash.-  The results  obtafned a t  the  plane  of symmetry are  pre- 
sented  in  figures 33. t o  .35 for   the three configurations. For the  basic 
wing configuration  in  the low angle-of-attack  range (a = 2.g0 a@ 6.6O) 
the  experimental  values  of downwash are  higher above the wake center 
line and lower below the wake center  line  than  the  calculated  values. 
(See f i g .  33.) A t  an  angle  of  attack  of 10.2O the  experimental and 
calculated  values  of downwash are in good agreement only  for a small 
distance a t  the upper edge of  the  survey  region and the  experimental 
values  then  diverge  -from  the  calculated  values below the wake center 
l ine .  The peak in the downwash dis t r ibut ion a t  the wake center   l ine 
calculated from the  experimental span loadings a t  angles  of  attack  of 
10.2O and 14 .Oo 'is caused  by the  abrupt  increase in loading measured 
a t  0.05b/2 (see  f ig .  9 )  . In an  attempt  to iniprove the  correlation, 
therefore,  calculations were made with  the irregular load  distribution 
of  the  inboard  stations  replaced  by a smooth curve which was tangent  to 
the  original  loading a t  0.30b/2 and which was horizontal  at the  plane 
of symmetry and located so that the areas under the  modified and or ig ina l  
loading  curves were equal. The resul t ing downwash dis t r ibut ion a t  
a = 10.9 was almost  identical   with-that  calculated from the  theoret ical  

for   locat ions at and below the wake center line only. The agreement 
between the experimental duwnwash and that calculated  by  using  the 
experimental span loading is  improved with  further  increase in angle 
of  at tack such that, a t  an  angle of a t tack  of 18.0°, the  agreement i s  
good for  a l l  points a t  and below the wake center   l ine.  The downwash 
calculated from the   theore t ica l  span loading, however, underestimates 
the  experimental  values by from 10 percent  to 88 percent  throughout  the 
ve r t i ca l  range a t  high  angles  of  attack  because  the  actual spes loading 
-is more concentrated  near  the  plane  of symmetry. 

. span loading. The correlat ion  for  a =14.O0 w a s  improved s l igh t ly  

For the wing with  flaps  deflected  the downwash calculated from the 

dmwash.  The discrepancy a t  the wake center  l ine  increases from about 
30 a t  the lower  angles  of  attack t o  60 a t  the highest  angles  of  attack. 
(See f i g s .  34 and 35.) This  discrepancy is a t t r i bu ted   i n   pa r t   t o   t he  
lack of suff ic ient  spanwise s ta t ions  t o  determine  accurately  the  span- 
wise loading  over  the wing obtained from reference 1, espec ia l ly   for  
the combined flaps  configuration where the span load  distributions are 
more o r   l e s s   a rb i t r a r i l y   f a i r ed  in the  regions  of a = 0.50 and 0.90. 

. experimental span loading  considerably underestimates the  experimental 

b 
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Calculations  of the downwash a t  - 2y = 0.28 have  been made in an b 
at tempt   to   a l leviate  the effects  of  tbe  abrupt  loading changes  noted 
near  the  plane  of s w e t r y  .for  the  basic wing configuration  (fig.  9) 
and the   resu l t s   for   the   th ree  wing configmations are given in   f ig -  
ures 36 t o  -38.  he r e su l t s  for  the basic wing configuration  (fig.  36) 
show, i n  general, an improvement between the  calculated and experimental 
values of do-mwash for angles of a t tack  up t o  14.@ as compared w i t h  the  
results  obtained a t  the  plane of symmetry. The improvement-in the 
agreementbetween  calculated and experimental downwash outboard of the 
plane  of symmetry was also  noted in reference 6 end ie   discussed  in   the 
downwash calculation  procedure  given in  r e fe rence . l l .  For the wing with 
drooped-nose flaps  deflected 4-0' ( f ig .  37) the   correlat ion is  improved 
considerably  throughout the ve r t i ca l  range  of the surveys  and also 
throughout  the  angle-of-attack  range as compared with  the results 
obtained a t  the  plane of symmetry. Reasonable  estimates  of  the  experi-.. 
mental downwash are obtained for a l l  points a t  and bel& the wake center 
l i n e  fbr angles of a t tack  Up t o  22.00. The resul ts   obtained  for   the 
combined flaps  confipjiratioh  (fig.. .38)- .show .no. s ign i f icant  improvement 
over  the  results  obtained a t  the  plane of symmetry. 

In order t o  obtain a span load  dis t r ibut ion  for   the  basic  wing 
representative of the. low .angle-af-attack  range,  the  irregularities  in 
loading a t  the  inboard  stations were diminished by averaging  the 
loading6  obtained a t  angles of a t tack of 1.l0, 2.g0, 4.8O, and 6.6'. 
This average  spanload  distribution (shown i n   f i g .  39) wa6 u t i l i zed   i n  
calculat ing downwash for angles  of att-ack of 2.g0 and 6.60 by t sk ing   in to  
account  the correspond- lift coeff ic ients  and the results are presented 
Fn figure 36. As Shm. . in .  f igu re  36 the downwash calculated from the 
average-  experimental span load  distribution resulted i n  a substant ia l  
improvement in the  correlat ion at the wake center   l ine and produced a 
downwash d is t r ibu t ion  which was in  good agreement  with  the  experimental 
values  throughout most of t-ertical  range  investigated. Use of the 
average  loading  for  calculating  the downwash a t  the p-ne of symmetry, 
however, provided no .&pmvement in the correlation  (not shown). These 
resul ts   indicate  the care which must be exercised in  evaluating available 
experimental span load dist r ibut ions on wings of thls type and also %Id% 
cate  the des l r ab i l i t y  of obtaining more information  concerning  the 
loading and flow pheni%ena over 2;ighly  sweptback  wings. 

. .  

In-summary, the resul t s   o f  the correlation  Fndicate that a knowledge 
of t he   ac tua l  epan load  distribution i s  essent ia l   to   the   ca lcu la t ion  o f  
the downwash behind wings o f  this type. In general ,   the  correlation a t  
the  plane of syrumetFy"~6- W d  for  the  region below the wake center   l ine 
for the  basic w i n g  and for the  wing with  the  combination  of  drooped-nose 
and plain  f laps  deflected.  -For the location  outboard  of the plane of 
symmetry the  correlation w a s  good below the wake center line for   the 
basic wing and for  the wing with drooped-npse flaps  deflected.  The 
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results  indicate that the  uncertainties in the wind-tunnel  corrections 
could  account  for  the  discrepancies in the  correlation  for some of the 

wake center  l ine,   especially  for the flaps-deflected  configurations, 
there i s  no satisfactory  explanation a t  present  for  the  large  discrep- 
ancies  obtained. 

I_ conditions  investigated; however, for  the  locations on and above the 

Wake displacement .- The locations  of  the  intersections  of  the 
trailing  vortex  sheet  (or  wake.center  lines]  with  the  plane  of  survey 
have been calculated by the methods given in  reference 5 and are found 
t o  be in reaEronably agreement with  the measured locations a t  the lower 
angles-_of-.attack  for  each  of the three configurations  investigated. 
The measured location  of  the wake center   l ine (above the chord  plane 
extended) is, however, considerably  higher  than  the  calculated  location 
In the moderate to  high  angle-of-attack  range. 

SIJMNRY OF RESULTS 

The studies of the flow f i e l d  a t  low speed  behind a large-scale 
47.5' sweptback wing having  cir-Eular-arc-  airfoil   sections and with 
drooped-nose and plain  f laps   neutral  and deflected 40° gave the 
following  results : 

- 
1. A t  low angles of  attack  the  separation  vortex produces  an odd- 

shaped wake region  behind  the  basic wing near  the t i p  which increases 
in   s i ze  and spreads  inboard  with  increasing  angle  of  attack  such that 
at  high  angles  of  attack (a 2 1 4 O )  the   t ra i l ing-t ip   vortex and separa- 
tion  vortex become  more distinctly  separated.   In  the  high  angle-of- 
attack  range  the wake is weak over  the  inboard 40 percent  of  the wing 
semispan. The region  of maximum vor t i c i ty  moves rapidly  inboard from 
the  t ip  with  increasing  angle  of  at tack and the  t ra i l ing  vortex  sheet  
is essent ia l ly  f la t  inboard  of this  region. 

2. The delay in the  formation  of  the  separation  vortex  to  high 
angles  of  attack (a > 22') caused by drooped-nose f lap  def lect ion 
r e su l t s  in a  smoothly varying  distribution  of downwash and vo r t i c i ty  
across  the semispan. A strong  vortex  occurs  only a t  the wing t i p .  
With semispn  plain  f laps   def lected  in  combination  with drooped-nose 
f laps ,   the   dis t r ibut ion of downwash and vo r t i c i ty  behind the wing for  
angles  of  attack up t o  15.9' is similar t o  that obtained  behind  the 
wing with drooped-nose flaps  deflected  alone, and there is no evidence 
of  a.vortex  being shed from t h e   t i p   o f  the plain  f lap.  A t  the  highest 
angle  of  attack, (a = 2l.5O), the  separation  vortex is  shed off  the wing . at about 0.70b/2. 

. 



3. The variations-  with  angle of attack of average downwash.angle 
- .: 

and average  dynamic-pressure rat io   indlcate  that the most desirable 
ttiil location would be below the chord plane  extended f o r a l l  configu- 
rations  investigated. 

- .  
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4. The correlation between the measured and calculated downwash 
indicates that a knowledge of the  actual span load dist r ibut ion is 
e s sen t i a l   t o  the calculation of the downw&sh behind wings of th i s   type .  
In general,  the  correlation is good far the  region below the wake center 
l ine   for  the basic w i n g ;  however, for  the f laps  deflected  configurations 
there  are  large  discrepancles  in  the  region a t  a& above the w a k e  center 
l i ne  which cannot be explained. -The correlation .is bet te r  outboard of 
the plane of symmetry than  a t  the plane  of eymmetry. 
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Configuration 

Basic wing; drooped-nose 
flaps  deflected; and 
droopeddose  flaps.  and- 
semispan plain f laps  

Basic ving 
Basic w i n g  
Drooped-nose f laps  
Drooped-nose and semispar 

plain flaps 
Basic w i n g  
Basic wing 
Basic wing 
Basic wing 
Basic w i n g  
Basic w i n g  
Basic w i n g  
Basic w l n g  
Basic w i n g  
Drooped-nose flaps 
Drooped-nose flaps 
Drooped-nose f laps  
Drooped-nose f laps  
Dmoped-nose flaps 
Droopd-noee and Semispan 

Drooped-nose and semispan 
plain  f laps  

Drooped-nose and semiepsr 
plain flaps . .  

plain 'flaps 

Basic wFng 
moped-nose f h p s  .ana 

drooped-nose and semi- 
e p n  plain flaps """"""""""""- 

Basic w i n g ;  drooped-nose 
flaps;  drooped-nose and 
semis= plain f laps  

Basic w i n g  
Drooped-3lose flaps 
Drooped-nose and s&s& 

mic w i n g  

Droopedaose flaps 

Dmoped-nose and semispsn 

p h i n  flap3 

plain f laps  
Basic w i n g  

Description 

P against x/. 
Spsn load distributions . 

span lomi dist r ibut ions 
Spsn load dist r ibut ions 

Air-stream s&ys a t   1 . 9 s  
Air-stream surveys at 1.92535 
Air-stream  surveys at l.9m 
Air-stream surveys at  0.9m 
Air-stream surveys at 1.425~ 
Air - s t r eam surveys at 1.9- 
A i r - s t r e a m  surveys a t  l .9aF 
Air-stream surveys St- 0.9- 
Air-etream surveys at 1.4z 
Air-stream surveys at 1.9255 
Air--stream surveys at 0 . 9 m  
Air-stream surveys at 1.9- 
A i r - s t r e a m  swveys a t 1 . 9 z  
Air-stream surveys at 0 . 9 m  
A i r - s t r e a m  surveys at  l . g m  

A l r - s t r e a m  surveys a t - l . 9 m  

Air-stream surveys at l.9m 

Distribution of vo r t i c i ty  
Distribution of  vor t i c i ty  

Location ofaesumed tai l  

Experimental and calculated E 
Experimental and calculated E 
Experimental and calculated 6 

kperimental and calculated E, 

CxperFmental end calculated e ,  
2y/b = 0.28 

bcperimental and calculated e; 
2y/b = 0 . ~ 8  

Average span h a d   d i s t r i b u t i o n  

;s/b = 0.28 

a 

o t o  25.8 

2.9 t o  18.0 
1.1 to 19.9 
a.7 t o  25.8 
4.5 t o  21.5 

2.9 
6.6 

10.2 
10.2 
10.2 
14 .O 
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Figure 1.- Separation vortex represented  schematically  by  ribbon and 
corresponding preesure  distribution on 47.9 aweptback wlng w i t h  
flaps  neutral. a = 12.1'; cL = 0.64. 
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Figure 3.- The 47.9 mptback w i n g  mounted in the Langley full-scale 
tunnel w i t h  survey apparstus behind wing. 
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Figure 4. - The five-tube survey rake. 
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Figure 5.- Line  drawing of conibined pitch,  yaw, and P i t o t - s t a t i c   t d e  
used for the  air-stream  surveys. A l l  dimensions are in inches. 
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Figure 6. -  Longitudinal locations of the- three ver t i ca l  survey planes. 
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Figure 7.- Variation of lift coefficient with angle of attack for  the 

47.50 Bweptback wtag with f laps neutral and deflected. R 4.3 X 10 6 . 
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Figure 9.- Span load  distribution  for  several   angles of attack. 
Basic wing. 
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Figure 10.- Span load distribution f o r  several  angles of attack. 
Drooped-nose flap deflected bo. 
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Figure 11.- Span load dist r ibut ion  for   several  angles of attack. 
Drooped-nose f l a p  and semispan p la in  f l ap  deflected 40'. 
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Contours of dynamlc-wesstre ratio, q / q  

Figure-14. - Vectors of downwash and sidewash angle and contours of 
dynamic-pressure ratio behind a 47.5' sweptback wing. Longitudinal 
p h e  of survey at 1.p23E. Basic w i n g  configuration. a = 10.2O; 
cL = 0.56. . . . . . . . . . . . . .  . .  
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1 1 \ 1 \ \ 1  
oownwosh and sidewash  angles.  Vectors d k t e  deviation of  airflow from free-stream  direction 

in degrees. 

15114 13 12 I I  IO 9 8 7 6 5 4 3 2 I 0 

Contours  of dynamicpressure ratio, qt/q 
Wing tip Loteml distance  from  plane of symmetry, R 

Figure 16.- Vectors of domwaah and sidewash angle and contours of 
dynamic-pressure -ratio behind a 47.5O sweptback w i n g .  Longitud-1 
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Downwash  and sidewash angles. Vectors denote deviation of airflow from free-stream direction 
in degrees. 

5 \ 1 4  13 12 II IO 9 8 7 6 5 4 3 2 I O  

Contours  of dynamic-bressure ratio, qt/q 
Wing tip . Lateral distance from plane of symmetry, ft 

Figure 17.- Vectors of downwash and  sidewash angle and  contours of 
dynamic-pressure r a t i o  behind a 47.5' sweptback wing. L o n g i t u F a l  
plane of survey a t  1.92%. Basic w i n g  codigurat ion.  a = 14.0 j 
G, = 0.69. 
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Figure 18.- Vectors of downwash and side&& angle and contours of 
dynamic-pressure ratio. behlnd a 47.5' sweptback wing. Longitud-1 
plane of-survey at 1.925E. Basic w i n g  configuration. a = 18.0°; 
CL =-0.80. - .  . .  
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Downwash  and sidewash angles. Vectors denote deviation of 
airflow  from free-stream direction in  degrees. 
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free -stream direction h degrees. 
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Wing tip  Lateral  distance from plane of symmetry, f t  - 

Figure X). - Vectors of downwash and sidewash angle and contours of . . 

dynamic-pressure ratio bebind a 47.3' sweptback .wing. Longitudinal 
plane o f  survey a-t-l.kz. Basic w i n g  corrPiguration. a = 18.0~; 
CL = 0.80. . . .  
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Downwash  and  sidewash  angles. Vectors denote deviation of airflow from free-stream direction 
in degrees. 

. . . .. 37- " 

15 114 13 12 II IO 9 8 7 6 5 4 3 2 
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Contours of dynamic-pressure ratio, qt/q 
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Figure 22.- Vectors of downwash and sidewash angle and contours. of 
dynamic-pressure  ratio  behind  a 47.5' sweptbsck wing. Longitudinal 
plane o f  survey at O.92y. Drooped-nose flaps deflected 40'. 
a = 14.4O; CL = 0.62. 
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Downwsh and sidewosh angles. Vectors  denote deviation of airflow 
in degrees. 

from free-stream direction 
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15 114 13 12 I I . 1 0  9 8 7 6 5 4 3 2 I 0 
Wing tip Lateral distance from  plane  of  symmetry, f t  

Contours of dynamic-pressure rotlo, qt/q 

- 
Figure 23.- Vectors of downwash and  sidewash. angle and  contours of 

dynamic-pressure r a t i o  behind a 47.5O sweptback wing. Longitudinal 
plane of survey a t  1.925e. Drooped-nose flaps  deflected bo. 
a = 18.2O; CL = 0.78. 
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Downwosh and  sldewosh  angles.  Vectors  denote  deviotlon of airflow  from free-strmm direction 
in degrees 
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Wing ttp Lateral distance  from plone of symmetry, ft 

Contours  of  dynornic-pressure ratio, q,/q 

Figure 24.- Vectors of downwash and Sihwash angle and  contours of 
dynamic-pressure r a t i o  behind a 47.5O sweptback wing. Longitudinal 
plane of survey at  1.92X. Drooped-nose flaps deflected 40°. 
a = 22.0~; cL = 0.96. 
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Downwosh and  sidewosh ongles. Vectors  denote  deviation  of  airflow  from  free-stream  direction 
in  degrees. 
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Figure 27.- Vectors of downwash and sidewash angle  and  contours of 
dynamic-pressure r a t i o  behind a 47.5 sweptback wing. Longitudinal 
p-e of survey a t  l . 9 5 E .  Drooped-nose f laps  and semiapan p l a i n  
flaps deflected 4-0'. a = 15.9; CL = 0.94. 
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Downwash and sidewash angles W t o r s  denote deviation of alrflaw from free-stream direction 
in degrees 
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Figure 28. - Vectors of damxash and sidewaah-angle and contours of " 

dynamic-pressure ratio behind a 47.50 sweptback wing. Longitudinal 
plane af survey at 1.92%. Drooped-nose f l a p s  and semispan pla in  
f l aps  deflected 40°. a = 21.50; CL = 1.13. 
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"- Location of trailing vortex sheet 
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L a t e r a l  distance from plane of symmetry, ft 

Q = 14.0"; Cc0.69 

Increasing vorticity- 

Figure 29. - Distribution of vor t i c i ty  behind 47.5O sweptback wing w i t h  
f laps  neutral ,  Longitudinal lo'cation, 1.925E. The numbers in the 
hatched blocks represent the value of r. 
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(b) Drooped-nose flaps and sernispan plain flaps deflected 40°. 

Increasing vorticity - 
Figure 30.- Distribution of vor t i c i ty  behind 47.5' sweptback wing wfth 

flaps deflected. Longitudinal location, l.925E. The nunibers in the 
hatched blocks represent the value of r. 
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Figure 31.- Longitudinal  location of- the  horizontal  tai l .  
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(a) Basic wing. (b) -nose flq# I" 46. 

Figure 32.- Variation of average dawnwash angle and dyaamic-pressure r a t i o  
with angle of attack. 

I 
I . . . . . . . . . . . .  

I 1 



. .  

1 

0 4 8 12 16 

Figure 33.- Variation of experimental and calculated values of downwash . 
with vertical  did-ance a t  the plane of symmetry. Basic m g ;  longl- 
tudinal location, 1.925e. 
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Figure 34.- Variation of experimental and calculated values of t? 
clownwash with vertical  distanGe at  p h e  of 6 y m m e t r y .  Drooped- 
nose f h p  deflected bo; hngitu-1 location, 1 . ~ 2 ~ .  

4 I Q I 

. I . '  . I :  1 ; :  : :  . I I , I  . !  I 
I I . . .  . . .  



4 8 12 16 20 

Figure 35.- Variation of experimental and calculated values of 
downwash with vertical dis tance a t  plane of symmetry. Drouped- 
nose f h p s  and semispan p l a i n  flaps deflected 40'; longitudinal 
location, 1.925E. 
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Figure 36.- Variation of eqerhental and calculated  values of 

' dovmrash dth vertical distance a t  9 = 0.28. Basic wing; 

longitudinal Location, 1.925E. 
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Figure..37.-  Variation of experimental  and  calculated  values of 

domyash with ver t i ca l   d i s t ance   a t  a = 0.28.  Drooped-nose 

fh .p  deflected bo; longitudinal  location, 1.925~. 
b 
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Figure 38.- Variation o f  experimental and calculated values of H 

damwash with Vertical distance at ~ E 0.28. Drooped-nose 

f laps  and semiapan p l a i n  f laps defbcted bo; longitudinal 
location, 1.925E. 
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Figure 39.- Span load  distribution  obtained ,by averaging  the  loadings 
measured a t  low angles of attack far  the  bas ic  wing configuration. 




